About 70,000 people were affected with breast cancer in Japan in 2012, and the prevalence rate was 113 per 100,000 people. Although breast cancer affects a high number of patients and the incidence rate is high, the 5-year relative survival rate is 91.1%. Among cancers with high survival rates, thyroid cancer has the highest rate, skin cancer is second, and breast cancer is third [1] . Thus, treatment of breast cancer is highly likely to be lifesaving.
dysfunction is high [3] . McNeely et al. [4] reviewed the effects of postoperative rehabilitation in 24 randomized, controlled trials against upper limb dysfunction caused by breast cancer treatment. Rehabilitation of 3 months or more performed on the operation-side shoulder joint of postoperative breast cancer surgery patients significantly improved the range of shoulder joint flexion over the short term compared with the control group. Shoulder joint function was also reported to improve significantly at 1 month postoperatively. Another report on the prevention of breast cancer recurrence showed that the risk of breast cancer recurrence is suppressed by physical activity [5] . Also, a review of 31 prospective studies of the association between physical activity and breast cancer risk reported a high relative risk of 0.88 for the recurrence of female breast cancer in women with low physical activity [6] .
However, Shimozuma [7] considered not only hard outcome measures such as postoperative impaired upper limb function and survival but also quality of life (QOL), an outcome measured from the patient's point of view. From the idea of measuring or evaluating areas that can be improved (or worsened) by interventions such as treatment and care, healthcare providers promote health, which is one part of the four main elements reported by Ferrell and colleagues [8] that makes up health-related QOL (HRQOL) of cancer patients: physical, psychological, social, role, and functional. In addition, HRQOL is based on patient-reported outcomes (PROs), i.e., any report on patient health status obtained directly from the patient without any interpretation. PROs can comprehensively measure the effect of mental and physical functions, approaches to activities, and participation on an individual's levels of happiness, satisfaction, and other factors [9] . In their review, Naaman et al. [10] reported a moderate improvement effect of psychological intervention on the HRQOL of breast cancer patients at all stages.
Leach et al. [11] reported that a 24-week exercise intervention improved HRQOL and depression, and Wittmann et al. [12] reported that postoperative HRQOL involves physical pain, anxiety, and depression. Gordon et al. [13] found that an 8-month exercise intervention was effective in improving HRQOL and cost-effectiveness.
Taghian et al. [14] reported that postoperative lymphedema development is associated with worsening of HRQOL. Coyne et al. [15] reported that breast cancer patients have been in good communication with their families, that they can play a domestic role that is the same as before surgery, and Ristevska-Dimitrovska et al. [16] reported that having resilience, which they defined as "Psychological resilience represents an ability of a person to protect his/her mental health when faced with adversity such is the cancer diagnosis [17] ", is a factor that can keep HRQOL high. These reports on HRQOL of breast cancer patients showed multifaceted improvement in HRQOL due to psychological/motor intervention, the presence of lymphoedema, HRQOL in terms of family relations and psychological resilience for breast cancer. However, it has not been clarified how the HRQOL of the postoperative breast cancer patient is related to disorders of shoulder joint range of motion (ROM) and changes in the psychological state that may occur postoperatively. By considering these changes over time, we can clarify how rehabilitation after surgery contributes to the improvement of HRQOL in patients after breast cancer surgery.
Structural equation modeling (SEM) has attracted attention as a statistical method to verify causal relations [18] . SEM allows a visual understanding of the relation between variables and can verify the relation between latent variables by assuming multiple observation variables as latent variables. Thus, the causal relation of factors contributing to HRQOL of patients after breast cancer surgery can be concretely and visually verified using SEM. Furthermore, rehabilitation of breast cancer surgery patients to improve their HRQOL is thought to be possible.
The purpose of this study was thus to investigate psychological changes and HRQOL, mainly in terms of shoulder joint motion and subjective symptoms due to surgical invasion, from the preoperative period to 6 months postoperatively in patients with breast cancer who underwent rehabilitation to elucidate the factors relating to HRQOL and their causal relations.
Methods

2-1. Subjects
The subjects comprised patients admitted to the hospital affiliated with Hamamatsu University School of Medicine from April 2016 to September 2017. Patients receiving postoperative rehabilitation prescribed to female breast cancer surgery patients agreed to participate in the research and were investigate up to 6 months postoperatively. Exclusion criteria included patients who required reoperation due to wound infection, who underwent bilateral resection, who had serious complications such as dementia or higher brain dysfunction, who were judged as inappropriate by their attending physician, and who did not provide consent to participate in this research.
2-2. Investigation
Patients were evaluated at 5 points: the day before surgery, the start date of postoperative rehabilitation, and at 1, 3, and 6 months postoperatively. Survey items were shoulder joint ROM, passive shoulder joint flexion/abduction ROM (shoulder joint flexion/abduction), and the Visual Analogue Scale (VAS), which was used to evaluate subjective symptoms after surgery, including pain, the feeling of tightness (tightness), and the sense of anxiety about the disease (anxiety). There is much clinical experience with these three items. Regarding pain and tightness, Verbelen et al. [3] reported that at 2 years after surgery, rates of tightness accompanied by pain and numbness associated with shoulder dysfunction ranged from 5 to 50%. In addition, because Naaman et al. [10] reported that reduction in anxiety (in terms of illness and future life) and alleviation of depression improved QOL of breast cancer surgery patients and Wittmann et al. [12] reported that postoperative HRQOL involves physical distress, anxiety, and depression, anxiety was thus used as an indicator of a change in the patients' psychological state.
In the VAS, the left end of the 10-cm scale was defined as "no subjective symptoms at all", and the right end was defined as "the subjective symptoms were very strong". The distance from the left end to the position indicated by the subject was then measured.
As breast cancer disease-specific scales assessing HRQOL, the Functional Assessment of Cancer TherapyBreast (FACT-B) [19] and the inclusive scale EuroQol-5 Dimension-5 Level (EQ-5D-5 L) [20−23] were used. The FACT-B consists of 37 items, including sub-items related to physical, social, mental, and functional health, and breast cancer, and the score of the FACT-B: TOTAL ranges from 0 to 144. We also used the 24-item FACT-B Total Outcome Index (FACT-B: TOI), which assesses physical + functional + breast cancer-related items and is regarded as the indicator most reflecting the effect of intervention research. Scores range from 0 to 92.
The EQ-5D-5L calculates utility value. Health con ditions of five items, "degree of movement", "management of personal belongings", "activities of ordinary people", "pain/discomfort", and "anxiety/obsessive", are assessed at 5 stages: stage 1, "none"; stage 2, "slight"; stage 3, "moderate"; stage 4, "quite"; and stage 5, "not possible" or "extreme". The utility value ranges from −0.025 to 1.000, with values closer to 1.000 indicating a more complete health condition. The utility value, which is calculated using a conversion table based on a healthy person in Japan [20] , makes it possible to compare HRQOL for each disease. It is one indicator used to judge intervention effectiveness in the rehabilitation field in Japan and is the most frequently used comprehensive scale in Japan [24] . The English version was finalized in 1990 [20, 21] , and the Japanese version was finalized in 1997 [22] . Originally comprised of three levels in 2015, the EQ-5D-5L Japanese version with 5 levels for higher accuracy subsequently became available as a comprehensive measure to calculate utility value [23] .
We obtained the following basic attributes of the subjects from their medical records: age, time from operative day to each evaluation, sex, surgical side, handedness, occurrence (initial incidence/recurrence), cancer stage classification, operation type (partial excision/total resection), breast reconstruction surgery, range of lymph node dissection (sentinel lymph node biopsy/ axillary lymph node dissection), and adjuvant therapy (chemotherapy/radiotherapy/endocrine therapy).
2-3. Rehabilitation intervention
During hospitalization and after receiving physician approval, an occupational therapist provided postoperative rehabilitation five times/week for 20 minutes each week. The intervention included automatic movement of the shoulder joint through flexion, external rotation, and lateral rotation within the pain range and stretching of the pectoralis major muscle including the skin/ subcutaneous tissue and the incision site. Preoperatively and at discharge, guidance was provided on surgical site protection and prevention of lymphedema (guidance on three points of ADL/IADL behavior: 1) avoiding pressure on the operative side, 2) infection prevention, and 3) skin care). After discharge, we confirmed and provided the patients with self-practice and living instructions at the time of evaluation.
2-4. Statistical analysis
The results of the FACT-B and EQ-5D-5L were calculated using conversion tables. To examine the changes at the five evaluation time points, we used the multiple comparison test (Steel-Dwass method). We analyzed the association of HRQOL of the breast cancer patients at the five times with Spearman's rank correlation coefficient. The correlation between scores (i.e., r value) was graded as absent (< 0.20), poor (0.20−0.34), moderate (0.35−0.50), and strong (> 0.50) [22] . We used stepwise selection in multiple regression analysis to search for factors related to HRQOL at four times: postoperatively and at 1, 3, and 6 months later. Dependent variables included the HRQOL scales FACT-B: TOI/TOTAL and EQ-5D-5L, and the independent variables were the five items of flexion/abduction of the shoulder joints and the postoperative subjective symptoms of pain, tightness, and anxiety.
We used SEM to create a causal model of the HRQOL of the patients after breast cancer surgery. The postoperative HRQOL of the patients affected the utility value of the FACT-B: TOI/TOTAL and EQ-5D-5L, and from the evaluated items, it was hypothesized that two factors were influenced by the latent variables: postoperative shoulder joint function and postoperative subjective symptoms. Anxiety was used as the indicator of a change in psychological state. Thus, pain, tightness, and anxiety were assumed to represent the latent variables of postoperative subjective symptoms.
We examined the path diagram created by SEM. The degree of conformity in the figure was judged by the degree of freedom, χ2 value, comparative fit index (CFI), and root mean squares error of approximation (RMSEA). For the degree of conformity of the path diagram, the CFI is close to 1, RMSEA is < 0.1, and the fit is good. Analysis results were examined by the path coefficient, which directly represents the strength of the relation between the variables; the relation becomes stronger as the numerical value increases.
Because the number of patients required for SEM and multiple regression analysis is large, we determined the number of patients required on the basis of the detection power of the multiple regression analysis. We set one dependent variable and five independent variables. G-POWER 3.0 showed an α = 0.05, 1 − β = 0.8, and thus, the required number of patients was estimated to be 50. IBM SPSS Statistics, AMOS Ver 24, and Excel Statcel 4 were used for the statistical analyses, and the significance level was set to p = 0.05.
2-5. Ethical procedures
This research was approved by the Ethics Committee of Hamamatsu University School of Medicine (approval no. E16-142) and Niigata University of Health and Welfare (17739). This study was conducted with sufficient explanation of the procedures in writing, and written informed consent was obtained from all participants. Patients participated of their own free will and could leave the study at any time.
Results
Among the original 103 subjects, 79 patients (all women) could be followed through the full 6 months after surgery. Twenty-four patients met the exclusion criteria, which included male (2), bilateral resection (3), reoperation due to wound infection (3), treatment at another hospital (5), and exclusion due to patient circumstances (11) . Patient characteristics are shown in Table 1 . The average age of the subjects was 56.7 ± 12.0 years, and preoperative evaluations were carried out in all of them. The mean period from the operative day to each postoperative evaluation point was as follows: postoperatively, 2.5 ± 3.9 days; 1 month, 29.7 ± 7.3 days; 3 months, 91.0 ± 13.9 days; and 6 months, 179.0 ± 13.6 days.
The surgical side was right in 30 (38%) and left in 49 (62%) patients, and the dominant hand was right in 77 (97%) and left in 2 (3%) patients. Surgical methods included partial surgical procedures in 17 (22%) and total excision in 62 (78%) patients, and the lymph node The average age of the subjects was 56.7 ± 12.0 years, and preoperative evaluations were carried out in all subjects. The mean period from the operative day to each postoperative evaluation point was as follows: postoperatively, 2.5 ± 3.9 days; 1 month, 29.7 ± 7.3 days; 3 months, 91.0 ± 13.9 days; and 6 months, 179.0 ± 13.6 days.
The surgical side was right in 30 (38%) and left in 49 (62%) patients, and the dominant hand was right in 77 (97%) and left in 2 (3%) patients. Surgical methods included partial surgical procedures in 17 (22%) and total excision in 62 (78%) patients, and the lymph node dissection range included sentinel lymph node biopsy in 66 (84%) and axillary lymph node dissection in 13 (16%) patients. dissection range included sentinel lymph node biopsy in 66 (84%) and axillary lymph node dissection in 13 (16%) patients.
3-1. Transition of each scale
The transition of shoulder joint function is shown in Fig. 1 . Both flexion and abduction of the shoulder joints decreased significantly from the preoperative to postoperative period and began to significantly improve from 1 month after surgery. Even at 1 month postoperatively, function was significantly lower compared with that preoperatively. The transition of postoperative subjective symptoms is shown in Fig. 2 . Pain, tightness, and anxiety improved significantly from immediately postoperatively to 6 months postoperatively.
The transition of each HRQOL scale is shown in Fig. 3 . The FACT-B: TOI and EQ-5D-5L scores decreased significantly from the preoperative to postoperative time points and began to improve significantly from one month after surgery. The FACT-B: TOTAL score improved significantly by 6 months after surgery.
3-2. Relation between the scales at each time point
The EQ-5D-5L showed poor positive correlation with shoulder joint abduction after surgery (r = 0.234) and moderate negative correlation with pain (r = −0.414), tightness (r = −0.348), and anxiety (r = −0.408). Shoulder joint flexion/abduction showed poor positive correlations with EQ-5D-5L at 1 month (flexion/abduction: r = 0.266/r = 0.340), 3 months (r = 0.320/r = 0.288), and 6 months (r = 0.240/r = 0.300) after surgery. Postoperative subjective symptoms (pain/tightness/anxiety) also showed poor positive correlation and moderate to strong negative correlation with EQ-5D- Both flexion and abduction of the shoulder joints decreased significantly from the preoperative to postoperative period but significantly improved from 1 month after surgery. However, even at 1 month postoperatively, function was significantly lower compared with that preoperatively. 
3-3. Factors influencing each HRQOL scale (Table 2)
The EQ-5D-5L was adopted as the model for anxiety/pain after surgery, anxiety at 1 month after surgery, shoulder joint abduction and anxiety at 3 months, and anxiety and pain at 6 months after surgery. The FACT-B: TOI was adopted as the model for anxiety/tightness after surgery, anxiety/pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/shoulder joint flexion at 6 months after surgery. The FACT-B: TOTAL was adopted as the model for anxiety after surgery, anxiety/ pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/tightness at 6 months after surgery.
3-4. Covariance structure model of HRQOL in breast
cancer patients Figure 4 shows the path diagram of a patient at 6 months after breast cancer surgery. The suitability of this study as indicated by the CFI of 0.929 and RMSEA of 0.138 was generally good. The path coefficients for the latent variables of "HRQOL of patients after breast cancer surgery" were 0.93 for FACT-B: TOI, 0.94 for FACT-B: TOTAL, 0.66 for EQ-5D-5L, 0.47 for "Surgical shoulder joint function", and -0.64 for "Postoperative The EQ-5D-5L was adopted as the model for anxiety/pain after surgery, anxiety at 1 month after surgery, shoulder joint abduction and anxiety at 3 months, and anxiety and pain at 6 months after surgery. The FACT-B: TOI was adopted as the model for anxiety/tightness after surgery, anxiety/ pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/shoulder joint flexion at 6 months after surgery. The FACT-B: TOTAL was adopted as the model for anxiety after surgery, anxiety/pain at 1 month after surgery, anxiety at 3 months after surgery, and anxiety/tightness at 6 months after surgery. subjective symptoms". Those of the latent variables of "Surgical shoulder joint function" were 0.96 for "Shoulder flexion" and 0.89 for "Shoulder abduction", and those of the latent variables of "Postoperative subjective symptoms" were 0.86 for pain, 0.92 for tightness, and 0.62 for anxiety.
Discussion
We investigated the psychological changes and factors affecting the HRQOL of breast cancer patients who underwent rehabilitation primarily in terms of shoulder joint movement and subjective symptoms due to surgery from preoperatively to 6 months after surgery. Recent HRQOL studies of breast cancer patients showed that 6 to 8 months of exercise intervention and also psychological interventions such as counseling improve HRQOL [11, 13] . The scales used to assess HRQOL outcomes in a previous study included the disease-specific FACT-B scale and the comprehensive Short-Form-36-Item Health Survey [10] .
We could find no reports combining the use of the EQ-5D-5L and FACT-B to examine the changes in preoperative to postoperative HRQOL over time in patients with breast cancer surgery. Calculating disease specificity and utility value at each time point after surgery can diversely capture the HRQOL of breast cancer patients and can lead to analyses of the cost-effectiveness of treatment. By investigating the causal relations, rehabilitation to improve the HRQOL of breast cancer patients can be examined. We believe that the results of the present study are of high significance and discuss the three salient findings obtained from the results of this study below.
4-1. Shoulder joint function, postoperative subjective
symptoms, and characteristics of HRQOL over time Shoulder joint function decreased significantly at 1 month postoperatively compared to that preoperatively. The postoperative subjective symptoms of pain, tightness, and anxiety improved significantly 6 months after surgery. HRQOL significantly decreased from the preoperative to initial postoperative period as indicated by the FACT-B: TOI and EQ-5D-5L scales but significantly improved from 1 month after surgery. Declining shoulder joint function due to surgical invasion can have an effect even after more than 1 year of follow-up [26] . Thus, it seems that shoulder joint function cannot be improved within the first month after surgery. Because pain and tightness did not show significant improvement until 6 months after surgery, the influence of surgical invasion was thought remain until then.
Anxiety was significantly improved at 6 months postoperatively. Lessening of the degree of involvement of physical pain, anxiety about recurring metastasis, and difficulty in adapting to life after treatment can help to improve HRQOL [12] , but the psychological burden can lower HRQOL even at 18 months after surgery [10] . Although significant improvement was shown at 6 months after surgery in the present study, subjective symptoms could still remain after surgery. FACT-B is a specific scale for breast cancer disease, and FACT-B: TOTAL showed significant improvement from immediately postoperatively to 6 months after surgery. However, FACT-B: TOI and EQ-5D-5L scores significantly decreased from the preoperative to immediate postoperative period but significantly improved from 1 month after surgery. FACT-B: TOI is regarded as the index that most closely reflects the effect of intervention research, and its subitems include physical, functional, and breast cancer-related items [19] . It is thought to best reflect the physical and psychological burden of surgical invasion and adjuvant therapy, and we thought that this influence was reflected in this study as well. The EQ-5D-5L comprehensively reflects the physical and psychological situation during the measurement period [23] , and it similarly reflected the situation in the present study.
4-2. Elucidation of factors affecting HRQOL
There was a poor positive correlation between the EQ-5D-5L and shoulder joint function. Postoperative subjective symptoms showed a negative correlation with moderate pain at all times, a poor-to-moderate negative correlation with tightness, and a moderate-to-strong negative correlation with anxiety. This suggests that interventions not only for shoulder joint function but also for postoperative subjective symptoms are necessary. The multiple regression analysis showed the factors affecting the EQ-5D-5L to be pain and anxiety after surgery, anxiety and shoulder joint abduction at 1 month, anxiety at 3 months, and anxiety and pain at 6 months postoperatively.
These findings revealed that surgical invasion from immediately postoperatively to 1 month postoperatively affected pain at the operative site and ROM of the shoulder joint, especially the restriction of abduction. In addition, anxiety affected both periods, and the relation become stronger as the postoperative course continued. As part of a rehabilitation program after surgery, automatic movement incorporating shoulder joint abduction and stretching mainly of the pectoralis muscle, which acts on the skin and subcutaneous tissue of the surgical wound, within a range in which pain does not occur to relieve subjective symptoms after surgery, and the necessity of life guidance and psychological follow-up after discharge are suggested.
However, both the FACT-B: TOI and TOTAL showed a poor-to-moderate positive correlation with shoulder joint function at 6 months after surgery. Postoperative subjective symptoms showed a poor-to-moderate negative correlation between pain and tightness and a negative correlation with moderate-to-strong anxiety at all times.
The multiple regression analysis revealed that the factors influencing FACT-B: TOI were anxiety and tightness after surgery, anxiety and pain at 1 month, anxiety at 3 months, and anxiety and shoulder joint flexion at 6 months after surgery. The factors affecting FACT-B: TOTAL were anxiety after surgery, anxiety and pain at 1 month, anxiety at 3 months, and anxiety and tightness at 6 months after surgery. As with the EQ-5D-5L, anxiety affects all periods, and the relation is stronger as the time course progresses. In addition to evaluating the comprehensive HRQOL of cancer patients, FACT-B contains breast cancer-related items that include symptoms (hair loss, pain, lymphedema, weight change, and decrease in physical strength) due to morphological changes after excision and adjuvant therapy and the patient's identification as a woman. Also, because anxiety was present across the entire time course, it was thought that these factors were also affected.
4-3. Causal relation of factors constituting HRQOL of patients after breast cancer surgery
In this study, HRQOL of breast cancer patients at 6 months postoperatively influenced each HRQOL scale (path coefficient of EQ-5D-5L, 0.66; FACT-B TOTAL, 0.94; FACT-B: TOI, 0.93), postoperative subjective symptoms (−0.64), and shoulder joint function (0.47), in that order. On the HRQOL scale, the disease-specific scale of FACT-B was more influential than the comprehensive scale of the EQ-5D-5L, and in the rehabilitation intervention, postoperative subjective symptoms influenced HRQOL more than did shoulder joint function. The path coefficient from postoperative subjective symptoms showed that tightness had the highest value at all of the times. This suggested that in the subjective symptoms after surgery, tightness affected the decline in HRQOL by limiting daily activities. The next highest value was for pain, suggesting that chronic pain at the operative site derived from surgical invasion interferes with daily life and also affects the decline in HRQOL. In addition, it is suggested that any remaining tightness and pain encourage anxiety, thus forming a vicious circle.
There were problems and limitations with this research. In this study, we did not adjust for surgical type, surgical side, pre-and postsurgery adjuvant therapy, timing of onset (period since onset, first incidence, or recurrence), and postoperative complications of the breast cancer patients who underwent rehabilitation. The postoperative complications of axillary lymphangiectasia syndrome [27] and lymphedema [28] can affect prognosis, shoulder joint function, and the psychological state. Particularly, temporal changes in the HRQOL scales can be expected to differ due to shoulder joint function on the operative side, subjective symptoms after surgery, surgical type, adjuvant therapy, postoperative complications, and onset time. However, even if these specific controls are carried out on the subjects, it is not possible to exclude factors related to shoulder joint function on the operative side and the influence of improving the subjective symptoms after surgery.
In the future it will be desirable to increase the number of subjects in whom the above attributes can be compared and to further follow long-term changes over time.
Conclusion
By using both a breast cancer-specific scale and utility values as comprehensive measures, we could follow up breast cancer patients until 6 months after surgery to assess the detailed changes in their HRQOL and the causal relations associated with these changes. Not only functional aspects but also postoperative subjective symptoms may affect improvements in the HRQOL of these patients. The utility value of breast cancer patients obtained in this study from the day before surgery to the 6th month after surgery showed the effects of rehabilitation that accumulate in the future and can be a basis for the future allocation of medical resources. From now on, by increasing the number of cases and following the long-term changes over time, methods of rehabilitation intervention can be studied according to different postoperative periods.
